OUR knowledge and understanding of natural phenomena, or natural science, has been won by the use of two methods, the method of observation, and the method of experiment. The method of observation records the properties of naturally occurring phenomena in the dimensions of space and time. It records such things as the shape, size and colour of objects and their spatial relations to one another, and it records events and their temporal relationship one to another. The method of experiment is the method of observation made under specified and controlled conditions. By this method the operating factors can be altered one by one, and the effects of those alterations determined. The two methods are thus in no way conflicting but are in fact complementary. It is characteristic of the method
of science that it begins with simple observation and proceeds by the method of experiment, until a fully proved and documented explanation has been achieved.
The method of observation is of course very old, and is not peculiar to science. It was used by the ancient civilizations and by our own before the Renaissance, and the growth of modern science. It is a method of the highest importance to the growth of scientific knowledge, and is in fact the chief method in such sciences as astronomy and geology, where the scales of space and time are so great as to be beyond human competence to control and alter. But the method has very serious limitations. Events may happen so rarely and apparently so fortuitously that it may be difficult for any single observer to study them fully. Still more important, the factors which may be concerned in determining an event may be so complex that the method of observation alone may be quite incompetent to decide what is in fact a sequence of cause and effect, and what is an association of phenomena of a much looser kind. In such a situation two methods have been used to find a solution, the method of theoretical disputation and the method of experiment. The method of theoretical disputation was the sole method employed by the ancient civilizations and by our own up to the Renaissance. Without the corrective of experiment it is a method with a disastrous history, which has been probed with penetrating wit by Wilfred Trotter in his "Place of General Ideas in Medicine" and "Has the Intellect a Function". Perhaps the method came to its most malignant growth in the schoolmen of the late Middle Ages.
To quote Lyell in his "Principles of Geology"-"The system of scholastic disputations, encouraged in the universities of the Middle Ages, had unfortunately trained men to habits of indefinite argumentations; and they often preferred absurd and extravagant propositions, because greater skill was required to maintain them; the end and object of these intellectual combats being victory, and not truth. No theory could be so far-fetched or fantastical as not to attract some followers, provided it fell in with popular notions." When I first read this passage I was irresistibly reminded of contemporary medical thought. It is, however, important to realize that this was the only method available to medicine until the dawn of science.
The alternative to the method of theoretical disputation is the method of experiment. APRIL-EXP. MED. 1 Here the same processes of logical thought are followed, but each idea is subjected to the scrutiny of experiment before it is accepted. It is in fact its use of experimental method which has distinguished natural science from other systems of knowledge; and it is the essence of the scientific attitude of mind that it seeks to decide doubtful points by experiment rather than by argument.
If for a moment we stand aside and look at Medicine as it exists today we find that the method of theoretical disputation still holds a dominant place. When simple observation has yielded all its results, the tendency of the vast majority of doctors is to proceed by the method of disputation, very rarely by the method of experiment. Moreover where there is a conflict between the conclusions achieved by the two methods, then it is the rule for that reached by the method of theoretical disputation to take precedence.
There are several reasons why the experimental method has been so little employed in the problems of human disease. In the first place doctors who have had an urge to advance science have found satisfaction most easily in the laboratory, away from patients and their problems. Thus have grown up, and largely through the use of the experimental method, the sciences of Physiology, Biochemistry, Bacteriology,'Immunology, and Pharmacology.
In recent years, both Anatomy and Morbid Anatomy have tended to become less strictly observational and more experimental. Those who become familiar with living patients and the problems they present have until recently been all engaged in practice, a strenuous and exacting life, calling for hard work and urgent decisions on a great variety of matters. Only men with exceptional originality of mind, and the greatest physical and mental vigour like Mackenzie, have been able to snatch the necessary time for reflection and the actions which it prompted from their other heavy duties. Although there have been University chairs in clinical subjects in Oxford and Cambridge and in the four Scottish Universities for many centuries, their occupants have, in general, also been so overburdened with practice and teaching that they have been in no better position than their colleagues outside the Universities. In recent years the establishment of full-time University clinical departments, and of full-time clinical research units by the Medical Research Council, offers for the first time conditions conducive to sustained scientific work.
In the second place it has been denied that the phenomena of disease as they are exhibited in human beings provide a proper field for exercising the scientific method. It has been held that the methods of science can be most profitably used in medicine in the laboratories of the so-called basic sciences of Anatomy, Physiology, Biochemistry, Bacteriology and Immunology. It is held that the proper place of science in medicine lies in the application of the principles revealed by these basic sciences to the phenomena encountered in sick people. On this view medicine consists of a series of applied sciences, applied physiology, applied pharmacology, applied immunology and the like. I imagine that this view would seldom be seriously presented on paper nowadays. Nevertheless the view persists and is widespread and consciously or unconsciously influences policy. No branch of science can profitably be pursued in isolation. It cannot advance without borrowing freely the ideas, the principles, the data and the techniques of other and related branches of scientific enquiry. Clinical Science must lean heavily on all the Biological Sciences, of which it is indeed one, as well as on Chemistry and Physics. No one could be more sensible than I am of the contributions of Physiology, Biochemistry, Bacteriology and Pathology to our understanding of the processes of disease. But it is of the very essence of science that phenomena cannot be adequately understood and explained unless they are themselves studied by the scientific method. The phenomena of disease in man must be studied by the scientific method to be understood. Moreover just as clinical science is stimulated by other branches, so physiology, biochemistry and pharmacology are stimulated by clinical science.
The third reason why the experimental method has in the past been applied so seldom to clinical studies is historical, and is to my mind the most important. In all peoples and at all times the sick seek relief from those who profess, rightly or wrongly, to be able to help them. From the very earliest times there has existed a systematized body of opinion as to the cause of disease, and its prevention. Even when Harvey made his great discoveries the theoretical basis of medicine consisted of a small number of observed facts obscured by a large amount of speculation derived from the schools of logic and metaphysics. Much of what would no doubt then have been regarded as the fundamental principles of medicine has since proved to be demonstrably false and has been discarded. Much of therapeutics such as blood-letting, purging and starvation we now recognize to have been positively dangerous. But one cannot easily break with habits of thought, particularly in a subject like medicine when the licence to practise is only granted to those of the rising generation who subscribe and assent to the views held by an earlier generation who had been themselves subjected to the same process of screening. It is to the long and exacting curriculum, fortified with a series of awesome tests, that must be attributed the extraordinary resistance of medicine to new methods and habits of thought. Modern medicine still preserves much 9 Section of Expertmental Medtcine and Therapeuttcs 231 of the attitude of mind of the schoolmen of the Middle Ages. It tends to be omniscient rather than admit ignorance, to encourage speculation not solidly backed by evidence, and to be indifferent to the proof or disproof of hypothesis. It is to this legacy of the Middle Ages that may be attributed the phenomenon which Wilfred Trotter used to call "the mysterious viability of the false". And it is, above all, to this habit of mind so inimical to scientific enquiry that we may trace the fact that the experimental method has found so small a place in clinical studies.
It is often said that medical education is becoming more and more scientific. The curriculum has certainly become longer and more crowded. Subject after subject has been added, nothing is taken away. And when the plea is presented that the load must be lightened before the last spark of initiative and curiosity is extinguished in the student's mind, it is said that this or that illustrates some fundamental scientific principle and must be retained as an obligatory matter for study. I often feel that we medical teachers have quite lost our sense of proportion, and our last contact with the elementary principles of education. I should like to see graven in large letters over the doorway of every medical school these words of Karl Pearson: "The true aim of the teacher should be to impart an appreciation of method and not a knowledge of facts'"; for method is retained as an attitude of mind when facts have been forgotten. It is a sufficient comment on the supposed scientific basis of the medical curriculum, that during the six weary years in which the -student is ground down by long hours of instruction, he has learned practically nothing of the basic methods of science. I am quite certain that his attitude of mind does not include the experimental method. In fact if a question were set in the final examination on the -place of the experimental method in medicine, there would be consternation among the students. Nor is the reason far to seek. I feel equally sure that if his teachers were asked a similar question they would be in a similar plight. And if the teachers have not this attitude of mind, how can we expect it of students ? That is the reason which impelled me to choose this subject. I was anxious to get my own mind clear and hoped I might interest others.
Before proceeding with our main theme it is important that we rid our minds of one common misconception. Thanks to the activities of the anti-vivisection society and others, the word experiment, particularly when used in connexion with the medical sciences, has come to mean to many the infliction of pain, suffering and even death on the unhappy subject. An experiment may mean this, but it does not necessarily do so. There are, as we shall see, many experiments which can be carried out on patients in which there is no added suffering or risk to life. Where these considerations arise, the experimenter has one golden rule to guide him as to whether the experiment is justifiable. Is he prepared to submit himself to the procedure? If he is, and if the experiment is actually carried out on himself, then it is probably justifiable. It he is not, then the experiment should not be done.
In considering the place of the experimental method in Medicine we may begin with -therapeutics, for this Section was originally the Section of Therapeutics, and therapeutics is the branch of medicine that, by its very nature, should be experimental. For if we take a patient afflicted with a malady, and we alter his conditions of life, either by dieting him, or by putting him to bed, or by administering to him a drug, or by performing on him an operation, we are performing an experiment. And if we are scientifically minded we should record the results. Before concluding that the change for better or for worse in the patient is due to the specific treatment employed, we must ascertain whether the result can be -repeated a significant number of times in similar patients, whether the result was merely due to the natural history of the disease or in other words to the lapse of time, or whether it was due to-some other factor which was necessarily associated with the therapeutic measure in question. And if, as a result of these procedures, we learn that the therapeutic measure employed produces a significant, though not very pronounced, improvement, we would experiment with the method, altering dosage or other detail to see if it can be improved. This would seem the procedure to be expected of men with six years of scientific training behind them. But it has not been followed. Had it been done we should have gained a fairly precise knowledge of the place of individual methods of therapy in disease, and our efficiency as doctors would have been enormously enhanced. Moreover we might have learned a great deal about the nature of the diseases concerned. And it is to be noted that in this instance the use of the experimental method carries no penalties for the patient that are not inherent in therapeutics anyway. In fact by demonstrating that certain measures are actually harmful, the experimental method in the long run protects the patient.
Take for example the action of drugs. Until recently the teaching of therapeutics was subordinated to that of materia medica and applied pharmacology. As a result of experiments on laboratory animals of a different species, employing doses of an entirely different *order, and experimenting on animals not suffering from the malady in question, the mode of action of certain drugs had been worked out. To apply these results without more ado to the treatment of disease in man is a procedure so full of fallacies as to need no comment. Yet it was held to be scientific. I was taught that iron and arsenic each had a specific effect on blood formation in man, and as a student and house-physician I saw nearly all patients.
with anemia treated with a mixture containing 5 grains of iron and ammonium citrate, 2 minims of liquor arsenicalis, and other ingredients to supply taste and colour, which were given long Latin names. This was a time-honoured treatment used in my hospital and generally in this country for many years. I never saw any improvement in anamia result from this treatment, though the patients were no doubt pleased to be seen from time to time by a considerate doctor. We now know as a result of applying the experimental method that the dose of iron used was quite inadequate, that there is a very common form of anmemia which responds readily to adequate dosage of iron, and which is in fact due to iron deficiency. As a result of applying the experimental method, we are not only now able to help patients that we could not help before, but by having learned the specific nature of the. malady we are now able to prevent it in people who would have probably developed it but for our intervention. As far as I know arsenic has never been shown to benefit any fornm of anxmia.
Another example of the application of the experimental method in the field of anemia is the use of liver in pernicious anaemia. It is indeed a fortunate thing for those destined to suffer from this malady that the use of liver in pernicious anaemia found in Minot a man with the scientific attitude of mind. For Minot and Murphy demonstrated that the rather complicated diet they first used produced remissions that were in frequency and size altogether outside the spontaneous remissions of the disease. By applying the experimental method Minot and his colleagues showed that liver was in fact the active substance, and that the essential principle could be prepared in a form suitable for parenteral injection. By the same method Castle later showed that the inherent defect lay in the stomach, and by his work and that of Sturges and Isaacs and others a new substance was added to therapeutics. The use of liver in pernicious anmmia was a piece of very bad applied pharmacology. For the experiment was prompted by Whipple's earlier studies showing that liver had a powerful effect on blood regeneration in post-hcmorrhagic anmemia in dogs. Regarding therapeutics as an "applied sciences", it would have been correct to use liver in post-hiemorrhagic anxemia in man; unfortunately it happens to be inert.
This work endowed us with two powerful therapeutic agents, provided they are used for the appropriate specific defects. Iron has no action on the defect cured by liver and vice versa, and in each instance the agent has to be administered for many years. If anything were needed to show the futility of our present educational system it can be found in the common practice in hospitals, consulting rooms and homes of administering both these drugs at the same time to anemic patients. This is not merely a waste of public money, but it confuses the doctor as to the nature of the patient's disease. And it shows how little his six years of so-called scientific education has done for the average doctor.
Many classes of drugs could be used to illustrate the point further. Reference may be made to Witts' article on ritual purgation, and Alstead's articles on expectorants and the use of bismuth in the treatment of peptic ulcer. In fact, as I look back on the system of therapeutics on which I was brought up I see that most of the prescriptions we used were more or less inert, a few were definitely harmful, some were probably beneficial, but we had little knowledge of dosage. Much of this useless and confused material is still employed to crush the student's mind. He is not taught to observe the effects of these substances and to analyse them. If he were he would realize how much of their alleged effect is due to suggestion. And this realization, a realization that a doctor may be helpful to his patients even when he knows that he has no active drug at his disposal would make him a better doctor, because a man who knows what he is doing, can usually do it better than one who does not. I believe that therapeutics is the ideal vehicle for making the student familiar with the experimental method, and it should be taught to the student essentially as an experimental science, when there are enough teachers with the right attitude of mind and sufficient understanding of the patient and his problems to make this possible. In this way the subject would become much more exciting to the student and of infinitely greater educational value.
Physiotherapy is a therapeutic department that occupies more and more space in our hospitals; employs more and more people, and costs more and more money. As a form of therapeutics it is of course well adapted for the use of the experimental method, but so far as I am aware this has not yet been applied. One is tempted to wonder whether physiotherapists are afraid that enquiry would show their methods to have a very restricted sphere of usefulness, or whether it is because the scientific method has not yet penetrated to this speciality. Many patients enjoy and value the treatment they receive, but I am quite uncertain whether the value comes from the specific measures employed, or from the uplift that their souls receive at the hands of the capable, enthusiastic and attractive female staff, and at the sight of such wonderfully complicated and colourful apparatus, suggesting that here indeed is medical science in its fullest bloom.
Much could be said of the place of the experimental method in Surgery. Surgeons perform on living men many of the operations that experimental physiologists perform on laboratory animals. But whereas the experimental physiologist is chiefly interested in his operation as a means of finding out some aspect of function, surgeons in general are more interested in the operation and less in its detailed effects. An enormous volume of information bearing on human physiology and pathology must have been wasted because the detailed effects of operations have gone unrecorded and unpublished. There have, of course, been notable exceptions, amongst whom one may cite Kocher whose observations on removal of the thyroid mark the beginnings of endocrinology. There are few aspects of clinical science that offer so fruitful a field for the use of the experimental method as surgery.
For every operation is in fact an experiment; and the surgeon has available to him all the techniques that can be used by the physician in addition to his own method. Judged solely as a form of therapeutics surgery is again a most suitable field for the scientific method. We may take an example. An operation has been devised and many times performed to increase the blood supply to the heart in angina pectoris and coronary thrombosis. Its value has never been conclusively demonstrated. Yet nothing could be easier were the texperimental method applied. As Wayne and others have shown patients with angina pectoris when tested under standard conditions have usually a remarkably constant exercise tolerance from day to day and from month to month. It is very easy to demonstrate in angina the effects of nitroglycerin and of anmmia. And it would be equally easy to demonstrate the effects of surgery if there are any. But this has never been done. Again, take the effect of sympathectomy in hypertension. This operation probably has a beneficial effect in some cases, but how often and in what circumstances is hard to judge. For those who have studied and published large series have done no controls. They rely on what other people have said about the natural history of the disease. Thus two important sources of error have never been ruled out, namely sampling errors and the subjective errors of different observers.
We may now consider another large division of clinical science, that concerned with mechanism. This deals with the way in which the functions of the body are altered in disease, and the way in which symptoms and signs arise. It is this aspect which is sometimes called applied physiology, a term which has led to the same kind of abuse as we have seen in the application of pharmacology to therapeutics. As it has been done in the past, it was bad science and led to bad medicine. Thus disordered action of the vasomotor nerves has been held responsible for every kind of malady affecting the peripheral vessels, for example Raynaud's disease, acrocyanosis, thromboangeitis obliterans and hypertension. This was done not by careful study of the maladies themselves, but by applying so-called physiological principles. Now the proper study of this aspect of clinical science calls not so much for the application of the principles of physiology, but for the methods. In particular it calls for the experimental method, which, in the study of living organisms, has so long been developed and perfected by physiology. Applying the methods rather than the principels of physiology to these problems of the peripheral circulation showed not only that the hypothesis of overaction of the vasomotor nerves was unsupported by evidence, but also that the principles of physiology were found wanting. One of the results of this work was the rediscovery of renin which physiology had first unearthed and then buried for forty years.
In a recent article Witts has expressed doubts as to whether this is a particularly rewarding field for clinical research. He prefers the method of animal experiment more particularly directed to problems of causation. It is true that work on the mechanism of disease in man is less likely to produce top-headline discoveries than work directed to causation or therapeutics, and it will probably, therefore, provide little incentive or satisfaction to those who desire to be in the public eye. But the work must be done, because there is no other way in which the questions can be answered. And these questions are important because an understanding of mechanism is often of the greatest value both in the diagnosis and management of disease. Unless a doctor has some understanding of mechanism, he is at a loss whenever he meets a patient exhibiting phenomena a little different from those to which his rule-ofthumb methods apply.
There remains to be considered the problem of the cause of disease. As we review the manner in which our knowledge of causation has been acquired, it will be seen that the contribution made by the scientific method in medicine has been a disappointing one. For it is much more convenient for the doctor, he is more comfortable with his patients, if he has convinced himself that he knows not only what disease the patient has, but how and why he has acquired it. Such a state of mind does not allow the evidence to be enquired into for often it does not exist. Even now there is no definite evidence as to the causation Proceedings of the Royal Society of .M1edicinefj of such common diseases as peptic ulcer and rheumatoid arthritis. So it was that Lind s beautiful experiments on human scurvy, which should have laid the foundations of our knowledge of deficiency disease a century and a half before this came from the laboratory were blotted out by verbiage and speculation. So again the germ theory of disease had to await discovery by a non-medical scientist in Pasteur, despite Jenner's experimental demonstration of the transmission of cowpox and its protective action against smallpox. How a general practitioner with the scientific outlook can add to knowledge of causation has been shown in recent years by Pickles who first fixed the incubation period of catarrhal jaundice and by inference its infective nature. Now it is a matter of no small importance when wrong ideas of causation are held. To quote Trotter in "The Place of General Ideas in Medicine": "Then there is John Brown, whose life coincides roughly in time with that of Hunter, and who was the author of the famous Brunonian system. This product of reason is said to have been remarkably complete and consistent; it divided diseases into sthenic and asthenic, and treated them respectively with opium and alcohol, drugs to which Brown himself, less tough than his system, early succumbed.
"The observation of clinical facts would seem to be a pursuit of the physician as harmless as it is indispensable. Reason, however, could scarcely stop at so elementary a phase as this, and it seemed irresistibly rational to certain minds that disease should be as fully classifiable as are beetles and butterflies. This doctrine found its most eminent cultivator in the great Svdenham but bore perhaps its richest fruit in the hands of Boissier de Sauvages. In his 'Nosologia Methodica', published in 1768, the year of Hunter's appointment to St. George's, this Linnaeus of the bedside grouped diseases into ten classes, 295 genera, and 2,400 species. Towards the end of our period these particular developments met an opponent in Broussais, who lived till Lister was II and Pasteur 16. For Broussais disease in the sense of the nosologist had no existence. Diseases were for him consequences of local irritation and resulted in gastroenteritis, which was the essential pathological lesion of all maladies. Broussais' quality is shown by his aphorism: 'La nature n'a aucun pouvoir de guerison naturelle': believing this, he knew that recovery depended solely on the exertions of the physician. Since the condition he had to contend with was always an irritation and could be met by reducing the patient, he set himself to starve and bleed with a dreadful rigour. The lapse of a hundred years has made this doctrine seem no more than gruesome balderdash, but it was not without plausibility for the contemporary world. In fact, no less a surgeon than the great Dupuytien was a believer, and was accustomed to add to his mere surgical powers of reducing his patients the sterner measures of his colleague. "If these instances give a fair sample of what the intellect was doing for medicine for 200 years, it is not perhaps surprising to find Hunter about the middle of that period exclaiming impatiently, 'Why think?'." Starvation and the like were practices that caused much unnecessary suffering and death and were derived from these ideas about causation. In the present day we have witnessed the indiscriminate removal of teeth, tonsils and other not wholly indispensable organs, sacrificial offerings on the altar of the hypothesis of focal sepsis.
No doubt in the future as in the past animal experiment will contribute very largely to our knowledge of causation. Nevertheless any idea so arising must be proved or disproved on man before it can be accepted. In this process the experimental method is quite indispensable.
One last word. Much has been written of the contrast and the conflict between the art and science of medicine. It is quite true that a man may be a good doctor but a poor scientist and vice versa. Yet there is nothing irreconcilable between the two. The art of medicine depends on a familiarity with disease, its manifestations and natural history and a capacity to understand people and give wise counsel. These characteristics areassets rather than liabilities to the man of science, save in one respect, that his counsel is sought so frequently that he has neither time nor energy left to pursue his scientific work. For no good scientific work is ever accomplished except by the sweat of the brow. My view is, therefore, that a fuller acquaintance with the nature and usefulness of theexperimental method is necessary not only for the few research workers but for at least a substantial part of the medical profession. It is not enough to have our Harveys, our Linds and our Jenners when their contributions are buried in a mass of wordy speculation, medicine's legacy from the schoolmen of the Middle Ages. Moreover the processes by which exact knowledge is gained and understanding developed by the individual and by organized science are essentially the same. The experimental method is not peculiar to the laboratory. It can be used in the garden as the abbot Gregor Mendel showed, in the field as Darwin showed, and in the clinic. Its use implies an attitude of mind that seeks to discover and verify facts and to understand them. I cannot believe that such an attitude of mind is out of place in a doctor even if he devotes his life to the practice of his profession. And I think it is our duty as teachers to try and inculcate this attitude.
